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Abstract
Introduction: Few studies investigate the benefits of familiarity or continuity during physician-to-physician handoff
of inpatients. Factors such as how recently physicians (MDs) have worked and successive days caring for patients
increase continuity, and thus could lead to enhanced handoff efficiency. Evaluating the efficacy of MD scheduling
to enhance continuity is currently subjective.
Methods: An MD group consisting of 9 attending physicians and 7 fellows redesigned its pediatric intensive care
unit (PICU) coverage schedule with the goal of enhancing continuity of care. The attending PICU MDs were
formally surveyed to rate the impact of the schedule change on continuity and efficiency (5 point Likert scale: 1 =
worse, 3 = no change, 5 = better). A Handoff Continuity Score (HCS) was developed and used to analyze the 30-
bed PICU MD schedule for continuity and handoff efficiency. MD service and call schedules were evaluated for 6-
month periods before and after the schedule redesign. The HCS for each schedule was calculated by considering
every shift change, or handoff, in the scheduling horizon, and assigning scores to oncoming physicians based on
previous days worked. Specifically, for each handoff, each oncoming MD receives a score between 0 and 1,
calculated as the summation of a series of ‘familiarity factors’, one for each recent day worked. The scores for all
oncoming MDs are averaged to determine the score for that specific handoff, and the HCS is the average of all
handoff scores. The HCS was incorporated into an integer programming (IP) model for scheduling MDs to
maximize continuity. A z-test was used to assess the significance of improvement in the HCS.
Results: The HCS before and after redesign was 0.57 and 0.68, respectively (19% increase, p < 0.01). Mean MD
rating was 4.22 ± 0.56 for continuity, and 4.00 ± 0.65 for efficiency. With the goal of further improving the HCS and
(partly) automating and streamlining the scheduling process, the IP was developed to populate physician service
and night-call schedules while conforming to scheduling constraints; IP-generated schedules improved the HCS to
0.79 (39% increase).
Conclusions: The increased HCS was associated with the MD qualitative assessment of enhanced continuity and
efficiency after implanting a schedule change. The IP identified the potential for additional scheduling
improvements.
Introduction
Continuity of care improves patient satisfaction [1],
whereas the fragmentation of care may have a negative
impact on patient outcomes. Epstein and colleagues [2]
found a statistically significant relationship between frag-
mentation of patient care and length of stay (LOS) among
patients admitted for pneumonia or heart failure. As staff-
ing models for inpatient hospital settings transition to
shift-work because of increased duty hour restrictions and
life-style choices by physicians (MDs), serious concerns
arise regarding the resulting lack of continuity for patients
and MDs and potential impacts on quality of care and
education of residents [3].
Fragmented care leads to increased handoffs, or the
transfer of patient care from one MD to another. Commu-
nication between MDs during handoff of inpatients is a
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‘vital link in the continuity of patient care’ [4] but may be
insufficient to relay all pertinent information, and ‘com-
munication failures have become widely recognized as a
leading safety hazard in health care’ [5]. On the basis of a
review of controlled studies of interventions, Arora and
colleagues [6] provide preliminary recommendations for
improving handoffs, but further studies are needed to
identify best practices [7,8].
It is intuitive that an MD’s familiarity with a patient
prior to starting work has the potential to make the hand-
off process more efficient. Few studies investigate the ben-
efits of familiarity or continuity during MD-to-MD
handoff of inpatients, and improving scheduling models to
enhance continuity and familiarity could provide a tool to
help with handoff efficiency and quality. Evaluating the
efficacy of MD scheduling to provide continuity is cur-
rently subjective.
We propose, as one method for improving patient and
MD continuity, a Handoff Continuity Score (HCS) as a
novel approach for objectively assessing continuity and
familiarity with various scheduling models. We use the
HCS to analyze MD duty schedules before and after the
implementation of a schedule structure redesign intended
to maximize patient and MD familiarity and continuity
within the context of defined scheduling constraints. We
incorporate the HCS into a mathematical model devel-
oped to automate and improve the process of MD duty
schedule generation. The purposes of this study are (a) to
develop the HCS as an objective measure of MD and
patient continuity, (b) to validate the HCS and its correla-
tion to MD perceptions of continuity and familiarity
within a small group of MDs, (c) to use the HCS to mea-
sure improvement in continuity following an MD duty
schedule redesign, and (d) to assess the application of a
mathematical model for constructing MD duty schedules
that optimize the HCS.
Materials and methods
An MD group, consisting of nine pediatric critical care
medicine (PCCM) attending MDs and seven PCCM fel-
lows, redesigned its pediatric intensive care unit (PICU)
MD coverage schedule to enhance continuity. The PICU
is a 30-bed multidisciplinary medical-surgical quaternary
care unit and provides care for acutely ill patients, includ-
ing those receiving liver transplants, continuous renal
replacement therapies, or extracorporeal life support. The
weekly service schedule for the unit consists of two teams
(A and B), each including one attending MD and one fel-
low providing daytime coverage. The teams treat two
separate groups of patients, but MDs from team A are
somewhat familiar with the patients treated by team B,
and vice versa, because of proximity, collegiality, early-
morning fellow sign-outs (informal), and formal sign-outs
that include both teams and the oncoming night call MDs.
Night call shifts are covered by one attending MD and one
fellow.
Prior to the redesign of the schedule, the attending MDs
would take service for 1 week (only the 5 consecutive
weekdays), which we call a ‘service block’. Night call and
weekend coverage could be filled randomly by on-service
or off-service MDs. The fellows took service for 7 days at
a time, and on-service fellows took call 1 or 2 nights per
week. An off-service fellow took the remaining night call
shifts. During the redesign, the schedule was changed to
have the attending MDs take service for 7 days in a row
and the fellows for overlapping 14-day periods, in which a
new fellow would start a service block every Monday. This
ensures that, each week, a fellow who was on service the
previous week is on service. The night call coverage sche-
dule was redesigned as shown in Table 1 to provide
patient-MD familiarity overnight. Both pre- and post-rede-
sign schedules were constructed manually by one of the
PCCM attending MDs.
The institutional review board of the Children’s Health-
care of Atlanta approved this study and waived the need
for informed consent as this was a quality initiative that
did not involve individual patients or interventions. We
developed a scoring method, based on the following
assumption, to effectively capture the continuity at
handoff.
Assumption
The level of familiarity that an MD has with their patients
(a) increases with successive (or multiple) on-duty days in
which the MD sees the patients and (b) decreases as the
number of off-duty days increases (for example, to more
than the average LOS of patients). Intuitively, an MD who
sees a patient for a number of consecutive days will be
more familiar with and informed about the patient’s con-
dition. Conversely, an MD who sees a patient after a
multi-day break would need some time to become refami-
liarized with the patient’s progress and current state.
The nine attending MDs were informally surveyed to
determine a numerical estimate of continuity at each
handoff on the basis of prior days worked for the
oncoming MDs in the PICU. For each oncoming MD, a
continuity score,
∑N
i=1 FiXi , is calculated on the basis of
previous days worked (see the notation in Table 2) by
using familiarity factors developed on the basis of results
of the survey (Table 3). For this initial analysis, N was
defined as the average LOS in the PICU (5 days), where
‘days’ are equivalent to 24-hour periods.
Each oncoming MD could receive a score of between
0 and 1 (1 = most familiar). The score for the handoff is
calculated as the average continuity score over all
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oncoming MDs. For a complete MD schedule, the HCS
is calculated as the average of all handoff scores and
ranges from 0 to 1.
As an example, consider the 1-week schedule shown in
Table 4. Attending MDs A, B, C, and D and fellows F, G,
H, and I are assigned to service (8 a.m. to 4 p.m.) and call
(4 p.m. to 8 a.m.) shifts throughout the week. In this
schedule, consider the call shift that starts at 4 p.m. on
Saturday with MDs D and F. Note that MD F is sched-
uled to work service every day during the week whereas
MD D is scheduled to work the Wednesday call shift,
which is 2 to less than 3 days before the start of the
Saturday call shift. Thus, the continuity scores for these
MDs are calculated as shown in Table 5. The handoff
achieves a score of 0.575.
To compare the HCS before and after the schedule
redesign, we evaluated MD service and night call sche-
dules for 6-month periods. A z-test was used to assess sig-
nificance of improvement in the HCS. MDs were asked to
rate the impact of the schedule change on continuity and
efficiency (see Additional file 1 for survey questions).
To (partially) automate and improve the process of sche-
dule generation, we developed an integer program (IP),
which is a mathematical model (a system of equations and
inequalities) consisting of an objective function and con-
straints [9]. The constraints ensure that the requirements
of the Accreditation Council for Graduate Medical Educa-
tion (ACGME) [10] and staffing requirements for the unit
(for example, two attending MDs and two fellows on duty
for each daytime shift and one attending and one fellow
on duty for each night call shift) are not violated. The IP
also incorporates soft constraints to accommodate MD
requests for time off and the preferred service schedule
structure. The soft constraints may be violated only if it is
necessary to construct a feasible schedule (and not for the
purposes of improving the HCS). The IP was used to con-
struct an MD schedule which maximized the HCS while
minimizing violations of the soft constraints. This IP-gen-
erated schedule HCS was compared to that achieved by
the pre- and post-redesign schedules.” For additional
details on the IP, see Smalley and colleagues [11].
While the current service schedule structure for the
PICU (7-day blocks for attending MDs and 14-day blocks
for fellows) was designed with continuity in mind, a better
structure with respect to patient and MD continuity may
be possible. Using different versions of the IP, we con-
structed schedules that follow four alternatives to the cur-
rent service schedule structure and computed the
corresponding HCS for each. The five total service sche-
dule structures that we investigated are (1) 7-day blocks
for attending MDs and overlapping 14-day blocks for fel-
lows (current schedule structure), (2) overlapping 7-day
blocks for attending MDs (in which a new attending MD
starts a 7-day service block every Monday and Friday) and
overlapping 14-day blocks for fellows, (3) overlapping 4-
day blocks for attending MDs (in which a new attending
MD starts a 4-day service block every two days) and over-
lapping 14-day blocks for fellows, (4) overlapping 14-day
blocks for fellows but no predefined service block struc-
ture for attending MDs, and (5) no predefined service
block structure for attending MDs or fellows. Structure 1
is the current service schedule structure in the PICU.
Structures 2 and 3 correspond to service schedule struc-
tures that MDs in the PICU proposed as potential
improvements. We include structures 4 and 5 to deter-
mine the best achievable HCS when there is no predefined
service block structure (that is, when there is no require-
ment that MDs be on service for a certain number of mul-
tiple consecutive days).
Results
Eight of the nine attending MDs responded to the survey
regarding the impact of schedule redesign on handoff
efficiency and continuity. The results (Table 6) show that
the MDs note improvement in both handoff efficiency
and schedule redesign. Table 7 reports the HCS for pre-
and post-redesign schedules as well as the schedule gen-
erated by the IP, in which the objective was to maximize
the HCS for both service and night call shifts over the
scheduling horizon while minimizing violations of soft
constraints. We also report the HCS by time of day and
MD type. Note that the schedule generated by the IP cor-
responds to the same time period as the pre-redesign
schedule and incorporates the same requests from MDs
for time off. Higher scores imply greater familiarity.
Table 1 Physician schedule redesign of weekly night-call schedule

















Fellow on call Night float
fellow
MD from team A MD from team B Night float
fellow
Night float fellow MD from team A MD from team B
MD, physician.
Table 2 Notation of variables in continuity score
N Patient length of stay (5 days in our analysis)
Fi A familiarity factor dependent on the length of time since last shift
Xi 1 if the physician worked between i-1 and i days ago, 0 otherwise
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Given that the HCS is designed to measure continuity
and familiarity, we also report the number of call shifts in
the scheduling horizon without an on-service MD staffed
as it is intuitive that scheduling an on-service MD to the
call shift would add continuity at night. The night call
familiarity was of particular concern for this MD group
for their particular PICU. The descriptions and scores for
the alternative service schedule structures we used for
comparison are reported in Table 8. For each structure,
we incorporated the MD requests for time off which cor-
respond to those in the post-redesign schedule.
Discussion
On the basis of survey results, the attending MDs found
that continuity and handoff efficiency were improved by
redesigning the on-service and night call shift schedule
structure. This was positively correlated with the HCS
numerical estimate of familiarity and continuity.
There was a statistically significant increase in the HCS
after the schedule redesign. When viewing the HCS by
time of day, we see that the HCS for night call shifts is
considerably less than the HCS for service day shifts for
both pre- and post-redesign schedules, an expected result
given the service schedule structures in both. The greatest
increase (29%) in the post-redesign HCS is associated with
the schedule for attending MDs. The HCS for fellows
increased by only 13%. The fellows’ schedule is structured
to provide concentrated clinical time (a key component
for the HCS) in order to provide protected research time
during their training. Increasing from 7-day service blocks,
which exceeds the PICU LOS (5 days), to 14-day service
blocks resulted in only a modest improvement to the
HCS. In addition, ACGME duty hour restrictions provide
a rigorous hard constraint that may have limited the
improvement in the HCS.
While the schedule redesign improved the HCS, the IP
identified the potential for additional scheduling
improvements. However, the best HCS was achieved by a
schedule that required attending MDs who are on service
during a given week to work alternating call shifts that
week, without any other attending MDs scheduled. Note
the resulting much-improved HCS for night call shifts
for the IP-generated schedule over the pre- and post-
redesign schedules. There is only a modest improvement
in the HCS for service day shifts over the post-redesign
schedule because this score is determined largely by the
service block structure implemented post-redesign.
The post-redesign schedule ensures that at least six
night call shifts per week have an on-service MD (attend-
ing MD or fellow) scheduled. Table 7 indicates that, post-
redesign, only 8 night call shifts in the 6-month schedule
had no on-service MD scheduled, a decrease of 85% from
the 52 pre-redesign. The overall HCS increased by 19%
post-redesign. The IP-generated schedule did not greatly
reduce (in comparison with the post-redesign schedule)
the number of night call shifts without an on-service MD
(6 versus 8), but the overall HCS increased by 16% over
the post-redesign schedule. Thus, there is not a linear rela-
tionship between the HCS and the number of night call
shifts without an on-service MD. Other factors impact the
HCS such as daytime continuity and familiarity among
off-service MDs assigned to night call shifts.
While the IP-generated schedule maximizes continuity,
its implementation may lead to fatigue and negatively
impact quality of care. In cases like this, adjustments can
be made in two ways. First, additional constraints can be
added to the IP to prevent unfavorable scheduling situa-
tions and to address MD preferences (for example, to set a
limit on the number of night call shifts per week) to gener-
ate a schedule that maximizes continuity without relying
on manual generation of schedules. The alternative is that
the IP-generated schedule can be manually manipulated
and the HCS recalculated to determine the impact of
changes on continuity. Given that MD schedules often are
made well in advance, changes are needed from time to
time to adjust for new requests from MDs and other una-
voidable situations. The HCS provides some objective
assessment of the impact of such changes on continuity of
patient care as MDs evaluate alternatives.
The mathematical model we developed is not the first
for scheduling MDs in a hospital setting. Sherali and col-
leagues [12] addressed the problem of scheduling medical
residents to night shifts over the course of 4 to 5 weeks by
using a mixed-integer program and heuristics that exploit
the network structure of the problem. Topaloglu [13,14]
used goal programming to assign emergency medicine
Table 3 Familiarity factors
Number of days since previous shift < 1 1 to < 2 2 to < 3 3 to < 4 4 to < 5
Familiarity factor 0.5 0.25 0.15 0.075 0.025
Table 4 Sample 1-week schedule of attending physicians and fellows
Monday Tuesday Wednesday Thursday Friday Saturday Sunday














4 p.m. to 8 a.m. A, H C, F D, G B, H C, I D, F C, G
Attending physicians: A, B, C, and D; fellows: F, G, H, and I.
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residents to day and night shifts over a 1-month planning
horizon and applied sequential and weighted methods for
solving an optimization model with multiple objectives to
the problem of assigning residents to on-call shifts based
on levels of seniority. Ovchinnikov and Milner [15] devel-
oped a user-friendly spreadsheet model for assigning first-
to fourth-year residents to on-call and emergency rotation
shifts in a radiology department over a 1-year period, and
Cohn and colleagues [16] addressed the problem of assign-
ing 10 to 20 residents to five types of on-call shifts in three
distinct hospitals over a 1-year period by solving multiple
nested IP formulations to address the different metrics.
Our IP has some similarities with previous work but, to
the best of our knowledge, is the first model designed to
address the impact of MD scheduling on MD and patient
continuity.
The HCS gives consideration to various schedule struc-
tures to be tested with an objective quantitative assess-
ment of the impact on continuity. In comparing the
scores reported for the various service schedule struc-
tures applied to the PICU, we see that the greatest HCS
can be achieved by having no predefined service block
structure for attending MDs or fellows. The version of
the IP used for this schedule structure has fewer con-
straints than others (that is, no predefined service block
length for attending MDs or fellows or both), and there-
fore we would expect this alternative structure to achieve
the highest HCS. Removing predefined service block
length constraints, the IP can generate an optimal MD
duty schedule with respect to continuity. However, in
this case, the schedule generated with this structure
requires that attending MDs and fellows be on service for
several weeks to a month at a time and may not adhere
to MD preferences or be feasible. The number of call
shifts without an on-service MD is minimized by struc-
ture 3, but the corresponding HCS is also the lowest of
the service schedule structures that we tested. The HCS
and number of night call shifts without an on-service
MD are useful assessments that MD groups can use to
tailor a service and call schedule to the needs of their
unit or MDs or both. The current service schedule struc-
ture (structure 1 in Table 8) is preferred among MDs in
the study PICU because, among candidate schedules with
the 7-day preferred service structure for attending MDs,
it has the fewest night call shifts without an on-service
MD associated with the highest HCS.
Familiarity among oncoming MDs has the potential to
improve the handoff process itself. However, familiarity
alone does not reduce the need for careful discussion dur-
ing the handoff of a patient’s care from one MD to
another. Owing to the dynamic nature of illnesses, a
patient’s condition evolves over time. New information
may become available and the course of treatment may
change from one day to the next. Furthermore, factors
such as new admissions, discharges, bed occupancy, and
MD fatigue impact handoff efficiency. Future research
opportunities include developing a fatigue factor for asses-
sing the impact of scheduling changes on continuity and
fatigue as it impacts the handoff process.
We did not take into account Hawthorne effects among
the nonblinded participating MDs. As the first application
of this approach, the analysis above relies on the percep-
tions of an MD group within one PICU. Furthermore,
only attending MDs were surveyed and therefore we can
make no assumptions regarding the perceived improve-
ment (if any) felt by fellows in this MD group following
the schedule redesign. A larger sample of MDs is needed
to truly validate the HCS. The potential far-reaching
implications of the HCS, particularly as it might impact
patient outcomes, has not been studied and is beyond the
scope of this article.
Conclusions
To maintain good quality of care, it is important that MDs
be familiar with their current patients; familiarity contri-
butes to MD and patient continuity. MD familiarity and
continuity are tools that can be used to help improve effi-
ciency and reduce miscommunications that can occur dur-
ing the handoff process. The proposed HCS is a novel
approach for objectively assessing continuity and familiarity
given our intuitive assumptions. The results of the MD sur-
vey reveal that the HCS is associated with perceived
improvement in continuity and handoff efficiency from the
schedule redesign. With a mathematical model, an MD
schedule can be optimized with respect to the HCS with
the goal of maximizing continuity. The IP and HCS
Table 5 Sample calculation of Handoff Continuity Score
Number of days since previous shift < 1 1 to < 2 2 to < 3 3 to < 4 4 to < 5 Sum (continuity score)
Physician D - - 0.15 - - 0.15
Physician F 0.5 0.25 0.15 0.075 0.025 1
The handoff score is the average of the physician continuity scores ® (0.15+1)/2 = 0.575
Table 6 Physician survey results
Physician rating for impact on continuity and handoff efficiency
because of schedule redesign
Continuity Efficiency
4.22 ± 0.56 4.00 ± 0.65
Data are presented as mean ± standard deviation. Five-point Likert scale: 1 =
worse, 3 = no change, and 5 = better.
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together facilitate resource optimization, particularly in the
face of increased duty hour constraints. While this initial
study assessing an objective scoring method for measuring
MD and patient continuity is limited to a small group of
MDs, implications may be far-reaching, and further study
is needed to assess the applicability of such an approach to
other units and institutions.
Key messages
• A proposed Handoff Continuity Score correlates
with physicians’ perceptions of enhanced continuity
and patient familiarity.
• An objective scoring method can be used to ana-
lyze a physician duty schedule for physician and
patient continuity.
• With a mathematical model, a physician schedule
can be optimized with respect to continuity.
Additional material
Additional file 1: Physician Survey Questions and Results. Questions
and results from survey of attending physicians, scored on a Likert Scale.
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